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The satellite-derived normalised difference vegetation 
index (NDVl) offers new opponunities to assess the impact 
of year· to-year In this study the NDVl 
is mapped over southern Africa for the 1981-1994. 
Sharp upward and downward trends follow the of 
summer flood and January to March NDVI values 
are correlated at +0.82 with harvested maize yield for the 
Nonh West Province of central South Depanures 
late summer NDVl from the historical mean illustrates the 
distribution and intensity of the influence of the Southern 
Oscillation, in alternating seasons vegetative growth 
and depletion. The first principal component of the NDVI 
field time series contains a broad signal covering all of 
Africa south of 150 S, and appears related to the low 
quency component of the global El Nino phenomenon. 
Africa south of 15°S is semi-arid and its is dominated 
by grassland savanna 1). To the east of 30oE, tropical and 
deciduous woodlands are found in response to high and 
summer rains which fall on steep mountain 
warm seas. Variations in the 'health' of 
crops over southern 
reflect the surface water balance and associated pattern of atmos-
circulation. In this study, climatic responses of the terres-
trial environment over southern Africa are identified 
satellite-based estimates of cover in terms of the nor-
malised difference vegetation index (NDVI). varia-
bility is analysed for the period 1981-1994 with a focus on the 
austral late summer (January to March) when climate-vegetation 
relationships are strongest l and when maize yield-rainfall corre-
lations are 
To the west of 25"E and south of 200 S, water vapour content is 
low and surface temperatures above 40°C are common during 
summer. The Kalahari desert is characterised sensible heat 
fluxes > 100 W m-2 and reduced and cloud 
cover.2 A depletion of vegetation as a result of anthropogenic 
influences or persistent could create . feedback 
to increased surface temperatures and and 
decreased moisture in the lower A declining trend 
of summer rainfall over southern Africa during the past century 
could be a signal of such a in association with 
enhanced subsidence and in the regional circulation.s,6 
Data and methods 
The analysis was performed on NDVI data obtained from the 
Advanced Very High Resolution Radiometer (AVHRR) aboard 
the NOAA series of satellites. The area considered was: 2°_36°S, 
10"-42"E as illustrated in 1. For the period 1982-1993 the 
NDVI data are available at a resolution of -7 km. or I ()2 
per degree latitudellongitude. The NDVI values were analysed 
for seasonal means, standard deviations. and principal compo-
nents. Area averages were constructed for the period 1980-1994 
using coarser resolution data. The data were supplied and quality 
controlled by Dr C. Tucker of NASA. 
The NDVI is a measure of the difference of surface reflectance 
in the red and near-infrared portions of the spectrum (0.62 IJ.m, 
0.875 !lm), which describes the relative amount of photosynthe-
tically active biomass.7- 9 Maximum reflectance of green vegeta-
tion is greatest at 0.8 IJ.m, making channel 2 sensitive to its 
colour. Different types such as savanna and 
tropical forests have different reflectances and chlorophyll con-
tents. Fluctuations of NDVI are related 10 density and 
photosynthetic activity, and to the type of agricultural activ-
ity.IO·11 Relationships between NDVI and crop yield were tested 
for selected areas, so that satellite measurements could be justi-
fied as a measure of food production and agricultural contribu-
tions to the region's economy. The index has also been shown to 
be well correlated with rainfall and evapotranspiration in a wide 
range of conditions. 12- ls The NDVI may thus be considered an 
'integrator' of climatic conditions. Other satellite 
measures which a similar indication of surface reflec-
tance include the vegetation condition index. 16 
The satellite data were initially in the form of daily NDVI val-
ues at l-km resolution. The images were combined into monthly 
'de-clouded' maps using the maximum value method. For 
this s'tudy the monthly data were subsequently into 
multi-month seasons so as to integrate further the effects of inter-
mittent wet Here we focus on the summer rainy season 
and partition the data into early and late summer. The sum-
mer (November - December) is typically dominated by upper 
level westerly winds and associated mid-latitude troughs, 
whereas late summer (February March) rains are contributed 
by easterly waves and tropical troughs. Gondwe l found signifi-
cant (poor) correlations between satellite-derived cloud depth 
and vegetation in late (early) summer over southern Africa. Fig-
ure 2 shows the correlation between the maize yield of central 
South Africa and co-located pentad area-rainfall 
over the 1975-1992 period. The association is strongest during 
the growth period of maize from mid-January to end-March. 
Maize is the staple food of southern Africa and has a potential 
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Fig. I. Map of southern Africa showing national boundaries and 
NDVI index areas. 
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economic value of approximately $1 billion a year. 
The correlation between maize yield and co-
located late summer NDVI is +0.82, significant at 
the 99% confidence limit. 
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In this study we focus on the late summer sea-
son, defined as the average of February, March and S half of April NDVI values. This allows a half- § 0.6 
month offset from the period of most significant ~ 
. ~ 0.5 
rains to surface vegetation response. 17 Departures 8 
were computed with respect to late summer histori- 0.4 
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cal means by pixel. Principal components (PC) 
were computed using SEAPAK software, which 
yielded temporal scores and spatial loading 
patterns. The NDVI maps were analysed as an 
unrotated correlation matrix. Although the first 10 
PCs for both early and late summer were com-
puted, here only the first PC of late summer is 
considered. 
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Fig. 2. Correlation between pentad (5-day mean) local rainfall distribution and season-
end maize yield in the North West Province of South Africa for the period 1975-1992. 
Distribution of NDV/ 
The mean NDVI in late summer (Fig. 4) clearly delineates the 
Kalahari in the southwestern quadrant of southern Africa, where 
values are < 0.30 (brown tones). Areas to the north and east are 
considerably greener with the exception of a N-S line in SE 
Angola and an E-W line in southern Zimbabwe, the former 
owing to sandy soils and the latter to low rainfall in the Limpopo 
valley. Greenest surfaces are found along the northeast coastal 
plains of Mozambique between 10-20oS and 35-40oE. This area 
underlies the main axis of horizontal water vapour transport to 
central southern Africa. 
The standard deviation map identifies two lines of maximum 
variability extending E-W between 20-2SoS and N-S between 
22-28°E, the former related to the descending branch of the Had-
ley cell and the latter to EI Nino-induced climate fluctuations. 18 
The axis from southern Botswana to the Eastern Cape of South 
Africa exhibits NDVI sigma values> 0.2 and corresponds with 
extreme swings of summer rainfal1.20 Areas of low NDVI varia-
bility include the Namib-Karoo desert, eastern South Africa' 
between 24-32°S, 28-32°E and the tropics north of 20oS, except 
for the Zambezi valley and northern Tanzania. Areas of reduced 
sigma values experience limited climate impacts and may have 
the potential for more reliable food production. 
ularly in southwestern Angola. 
Wet years are characterised by cooler tropical sea surface tem-
peratures known as La Nina conditions. 19 In 1989 and to a lesser 
extent 1991, southern Africa received good rains and maize 
yields were in excess of 3 t ha- I . Figures 8 and 9 illustrate NDVI 
anomalies for these wet summers. The central plateau of south-
ern Africa was greener than usual in 1989. NDVI values were 
- 0.1 (30-40%) above the mean in the area 20-30oS, 20-30oE. 
Similarly, in 1991 central southern Africa exhibited above-nor-
mal NDVI values, however, unlike the La Nina of 1989, the trop-
ical regions were also affected by favourable weather. The 
western desert regions do not benefit from increased vegetative 
cover in wet summers. 
Time variance and prediction of NDV/ 
The vegetation response to climate fluctuations in different 
parts of southern Africa during the period 1980-1994 is illus-
trated in Fig. 3. NDVI values below 0.3 are indicative of water 
stress conditions detrimental to agricultural production. Febru-
ary-March values were highest in 1981, followed by a prolonged 
drought in the early 1980s. A gradual recovery to higher values 
occurred in 1989 and 1991. A sharp drop in NDVI happened in 
While dry winters dominate the seasonal cycle of 
NDVI, EI Nino phases are likely to be the main influ-
ence of year-to-year variability. Figures S-7 illustrate 
departures of the NDVI over southern Africa during the 
late summer droughts of 1983, 1984 and 1992. During 
the extreme EI Nino event of 1983 the Eastern Cape of 
South Africa was hardest hit by drought-depleted vege-
tation. Most of Namibia and Zimbabwe suffered with 
NDVI departures of - 0.1 (30-40%) below normal. 
Maize yields for southern Africa during 1983 were < I t 
ha- I according to statistics from the Maize Board of 
South Africa. In the 1984 drought, central South Africa 
and southern Botswana saw reduced vegetation and 
maize yields of < O.S t ha- I . The 1992 drought was 
patchier but again central South Africa and southern 
Botswana were depleted of vegetation. Areas of 
Namibia and Zimbabwe also experienced considerable 
reduction of photosynthetic biomass in the 1992 
drought. In most drought scenarios, the tropical band 
north of ISoS exhibits increased vegetative cover partic-
0..5,----------------------------., 
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Fig. 3. Time series of area-averaged NDVI for crop-growing districts of four 
countries in southern Africa. N Nam, nonhern Namibia; Zimb, Zimbabwe; Bots, 
Botswana; NW Prov, North West Province, South Africa. 
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+ 
STANDARD D~UIATJON 
LATE SUMH£RS : 1982-1993 
Fig. 4. 0) Mean late summer NDVI; b) its standard deviation in the period 1982-1993 inclusive. 
the drought of 1992 (February-March). The recovery was equally 
rapid in 1993. Overall, NDVI varies from place to place as much 
as it does from year to year. 
It may be useful to predict the potential for vegetation growth 
some months in advance. For this purpose a group of climate 
teleconnection predictors are assembled and lag-correlated with 
a regional NDVI index using multivariate linear regression tech-
niques. The target predictand was developed by calculating 
NDVI standardised departures by area and averaging. The algo-
rithm was formulated through the step-wise insertion of each 
predictor, until an optimum mix was obtained. The result is a 
forecast equation of February-March NDVI percentage depart-
ure one season in advance: 
32S 
+ 
+ + + 
LATE SUNn£R ANOMALY 
1983 
Fig. 5. Departure from mean NDVI during the EI Nino drought of 
1983. 
-0.21 + 1.04(SOI) - 0.86(QBO) + 0.82(1f'C4) ,-2 fit = 0.90, dJ. = 13 
The predictor input variables come from the September-
November (SON) season and include: Southern Oscillation 
Index (SOl), the previous year's quasi-biennial oscillation 
(QBO) and sea surface temperature (SST) principal component 
mode 4 temporal score, which is positively loaded east of Mada-
gascar and negatively loaded NW of Australia. The SOl coeffi-
cient is largest and indicates that the ENSO phase is a 
detenninant of southern African vegetation. La Nina high phase 
(+) favours increased vegetation as expected. The QBO and IPC4 
inputs are nearly equal and of opposite sign. The QBO coeffi-
cient is negative, which means that westerly stratospheric wind 
+ 
+ 
+ 
+ 
+ + + 
LA IT S l.ItW't£R ANImAL Y 
19&4 
Fig. 6. Departure from mean NDVI during the summer drought of 
1984. 
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LATE SUMMLR ~NOMALY 
1992 
Fig. 7. Departure from mean NDVI during the summer drought of 
1992. 
anomalies favour increased vegetation and rainfall as outlined by 
Mason.20 The Indian Ocean PC4 coefficient is positive, therefore 
a warmiwest-cooVeast subtropical SST gradient in the preceding 
spring favours increased late summer vegetation cover. The 
model predicted and observed values are compared in Fig. II . It 
should be pointed out that the model fit is artificially high 
because of the limited degrees of freedom. 
Principal components are calculated to quantify the space-time 
NDVI field variance,. The first PC for late summer contains 
19.6% of the overall vegetation variance and its spatial loading 
pattern is shown in Fig. lOa. The widespread nature of drought 
and flood is highlighted.PCI is loaded negatively over the cen-
tral plateau of southern Africa and underlies the known position 
32$ .. 
+ 
+ 
LAT£ SUHH£R ANOMALY 
1991 
Fig. 9. Departure from mean NDVI values during the wet summer of 
1991. 
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Fig. 8. Departure from mean NDVI values during the wet summer of 
1989 
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Fig . 10. a) Spatial loading pattern of late summer NDVI principal 
component I; b) its temporal score. 
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Fig. II . Comparison of model predicted and observed composite 
NDVI departures . 
of the mid-tropospheric Botswana high pressure cell. The satel-
lite vegetation thus reflects alternating cycles of rising and sink-
ing motions, which are partially controlled by the ENSO phase. 
This pattern is consistent with Anyamba.21 PCI temporal scores 
are illustrated in Fig. lOb. A consistent pattern of positive values 
in the early 1980s was broken by the 1988 flood and the wet 
summers thereafter. The singular EI Nino drought of 1992 also 
stands out; bear in mind that the positive value is coupled to neg-
ative loading and refers to reduced NDVI values. The NDVI 
loading patterns for lower order PCs were relatively incoherent. 
Discussion 
The summer mean NDVI vegetation map suggests that the 
southwestern quadrant of southern Africa is in a state of severe 
water stress even during the rainy season. Along a line at 25°E 
and south of 200 S, climate effects are at a maximum, as indicated 
by high NDVI standard deviations attributable to the ENSO and 
its associated atmospheric and environmental perturbations. The 
plains of the east coast near 15°S are where NDVI values are 
greatest and underly the main supply route of moisture being 
drawn into regional weather systems.22 Anthropogenic depletion 
of vegetative cover there could result in negative feedback to the 
climate system and should be closely monitored. From the per-
spective of strategic planning, the relatively low NDVI variance 
over eastern South Africa implies that the area may be capable of 
increased agricultural productivity. 
Year-to-year variations of climate are critical to the success of 
rain-fed agriculture. The ability to extract the state and trend of 
terrestrial vegetation provides a useful monitoring tool. Predict-
ability has been demonstrated for the available NDVI record and 
could lead to better management of agricultural outputs in south-
ern Africa, given the high correlation between maize yield and 
co-located NDVI data (r = +0.82). With implementation of a 
long-range forecasting system coupled with timely resource 
monitoring and supplementation, hardship caused by EI Nino-
induced drought could be considerably reduced. 
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